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Or simply a QCD effect?

ATLAS-CONF-2014-033 (8 TeV WW weasurewment)

The jet multiplicity distributions and the different background contributions after applying these
requirements are shown in Figure 3 for ey and the sum of ee + ppu events. A large contribution from
top (¢f and single top) events is visible for jet multiplicities larger than zero. Hence, to reject these
backgrounds, the number of selected jets is required to be zero (jet-veto requirement). There are some
discrepancies between the data and the MC prediction visible for the zero jet bin.

Both ATLAS and CMS expenmen’rs impose jet-veto i in ’rhelr analysus
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Need a hetter understanding of jet-veto.

P Jaiswal and T. Okvi, An Explanation of the WW Excess at the LHC by
Jet-Veto Resummation, LarXiv:140745371.



Or several QCP effects ?

x* WW @NNLO : 5-6 Z enhancement w.rt NLO+gq at 7/8 TeV LHC.
larXiv:1408.9243]

* Similar enhancement from ‘NLO+12 resymmation.
* What are the scale uncertainties and do we trust thew?
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* NLO predictions as much as 300 away from LO central value.

* Very poor perturbative convergence? Or underestimated scale uncertainties?
Need a better understanding of scale uncertainties.

P. Jaiswal, A New Perspective on Scale Uncertainties for Piboson
Processes, LarXiv:1410.xxxx].
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Part - |
Jet-Veto and Large Logs



Jet-Veto : Origin of Large Logs

* Jef-veto example : no jjets with pr > 25 GeV allowed

* Jet-veto = Many scales — Largelogs

* [nclusive WW wmeasurement :
Only one scale appears : Mww

-~ Qbvious scale choice : 1 = Mww. [p= pe prl

* WW + 0 jet measurement :
Two scales appear : Mww and prvete

=~ 2 possible choices : 1 = Mww or p = prreto 77

- i

Minimize logs from Minimize logs from
virtual diagrawms. real diagrawms.




Inclusive NLO K-factor = 1.6
0-jet bin, K-factor = 1.1

Disagreement atf low prveto for
different scale choices.

Agreement for preto= 29-30 GeV
and reduced scale uncertainty!!

Good perturbative convergence .... 7
..0r large log artifacts?

] My /2 < p < 2My
1 Pr/2 < p < 2pF
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Fixed Order Calculations (pp *WW)

* 0-.0=0gll * as +asZ+.. 1(Large K-factor)

* 0.1= 0pLl ot (L2¥L+1) + a2 (L% #3412 +L+1) + .. ] (Large logs)

* 0o = 0-0 -0-1 (Large cancellations)

How to deal with accidental

cancellations?
. 1. W. Stewart and F. J. Tackmann, LarXiv110721171.

* Treat scale uncertainties in 0-o
ahd 0-1 as uncorrelated.

* Large scale uncertainties in
0-jet bin become evident.
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Jet-Veto and Large Logs:
The problem of many scales

[ _4

* A well known and understood problem in EFTs
(Effective Field Theories)

* EFTs can provide answers on how fo resum
the large logs.



Part - |l

Resumwmation in
Effective Field Theories



Example : Fermi’s 4-fermion inferaction

ln’reqra’re out W Hective interaction

* Two scales in the problem :

| I RN T S S e sl S

* A :scalebelow which EFT isvalid. 4 ,2

/4

* wy: scale at which precision measurements are made

* Qrigin of large logs :

(1)

* Treelevel: c(o)wl One-loop : ¢ Nilog(%)

4
* Large logs for p = wmg (the measurement scale).

* How does EFT resum the large logs?



Example : Fermi’s 4-fermion interaction

>vv< Integrate out W H fecTive inferne g

¢ ~—10g 2)

Resummation of logs in EFT

* accomplished through RG running of :
{he coe)fﬁclen’r ¢(p) to the desired scale @ elp)
[~ g E

* lnitial condition for ¢(p) : Petermine
¢(p= A) by matching to the full theory.

No large logs i this step because p= A, ———— I = ¢




Effective Field Theories for the LHC

to describe QCD interactions
Example : Inclusive Hadronic Cross-sections

* Two scales in the problewm :

* Hard scale, un : associated with the hard interaction, for
example invariant mass of W-pair for WW production.

* Soft scale, ps: scale of the hadronic masses/ jet
masses / Aqcp / the scale at which PDFs are measured.

o=6(p,, 1)® fu,u1)® f(u, p)

X o, MELE g

Partonic PDFs
cross-section



Effective Field Theories for the LHC

to describe QCD interactions
Example : Inclusive Hadronic Cross-sections

o=, 11)® fu, 1)® fu, u A 1=y
L 5 @ 1 ('u’h) &]0g<lu_2) E
008 : lox(—; i
No largelogsat = pn  large logs at p1 = pn tps )
Simply evaluate RG evolve PPFs from el
parfonic cross-section - [xs Up to [ = Hn. ;
at M = Mn (PGLAP evolution)



Towards EFT for Jet-Veto Cross-sections
_DoLAP

Inclusive I %ﬁ 5%% %

M=HMs QuarkVirtuality [ = preto M



Soft Collinear Effective Theory

Describes quark jet’ with pr - prveto
Upshot : RG evolve everything to a common scale (1 = preto)

A

o
o=\C (1, 1)|®B (1, 1)@ B, (1, 1)®A(p, )

Wilson Beam collinear : 17 M
COeﬁiclen’rsz func’nonzs anomilv : Cla )
as 'uh as MU i Py E
TR TS e log (—)
1098.47[ Og(#z) 753 og(ﬂf) o - Bl
evolve from  evolve from pg  holarae logs * M= pr

t but .
eto ,l.o Tve-l'o : pl’ese" : :

[ 10 pr (modiﬁgl POLAP) important finite  : g Mg, 1)
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B s



Part - I

Complex Scales, Large Logs
and Scale Uncertainties



Origin of Complex Scales
pp—>VV ,whereVec{WZ)

Analogous to jef-veto cross sections, Inclusive cross sections :

o=C(n)® f,(u)® f,(1n)®S(u)

Wilson Coefficient  PPFs  Soft Function
Logarithms in Wilson coefficient, Cp) :

log [(—M? —i0)/p?)
* Matcehing of SCET to QCP at 1 = py
* Choice of pw?  pn =M winimizes logs...

* ..except that branch cut = - i w factors so that double logs produce
w2 factors.

*  Motivates choice of py in the complex p?-plane, e.g. pn? = -M?



Large logs from Complex Scales
Logarithms in Wilson coefficient, G(p) :

log [(—M? —i0T)/p?
* Matching scale pn? complex-valued.

* But PDFs evalvated at factorization scales which are real : pe? = M2
* Hierarchy of scales in the complex pZ -plane

= Large Logs log(pn?/pe)
* Phase of g2 : © \
log(pn?/ ) =i O o\ —
If Logs dominant: O=-m %

If non-Log terms dominant, no preferred value of O.

* RG equation for C(p) known = Evolve from pn?—pe? = Resum O terms.

* Vary : -w<0<0 similar to M/2<lml<2 M



Scale Uncertainty
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* 3-4 7 increase in central value prediction w.rt NLO (dynamic scale).

* Fixed scale (set to average diboson mass) NLO in reasonable agreement.



Part - IV

Results for WW+0 jet
production at the LHC



How to count

* Power Counting parameter in SCET : A = preto/M

* All calculations at LO in SCET power counting.

* SCET resuwms pieces singular in the A—0 limit (i.e. log" A)

* (orrections beyond the singular pieces : Power Corrections
- Add them at the end if the full NLO result is known.

- (Power Corrections) = NLO - (Singular pieces of NLO)

£=a 0_[ N" LO expansion | )
N"LO resum

\.—ﬁ._.d’

Power Corrections

g —0 -I-(U

lot resum



How to count

* os Counting in Resumwmed Perturbation Theory
* Count logl (pref)2/M2]1 as 1/a

* NLL: Keep terms up o o(l)
NNLL : Keep terms up to Olas)

}lUXCV@Bl@Bz@AC
N/

[VEVQ"I'?OQ 1 Beam functions
i, iy el 1+ ots * ... (1 loop)
(2/% loops) .
Matching coefficient Collinear anomaly
1+ o * ... (1 loop) e[] tog ] (2 loops)

All ingredients already known in the literature.



NLL and NNLL Results for qg—WW+0 jet
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Consistency Checks and Power Corrections

* Recall : SCET resums terws singular in preto/M —0

* Power corrections suppressed by powers of prefe/M.

* (Consistency Check : For small preto, NNLL eross-section
expanded o Olas) should mateh fixed-order NLO calculations.

v ood agreement between our resummed results expanded

to Olag) and MCFM for qg—WW at NLO in the 0-jet bin for
swmall preto,

Power Corrections<-27%



NNLL+*NLO Results

‘Consistent’ schewe
50 —— . .

45| Vs =8TeV S
35
2 N
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‘Inconsistent scheme’ : lmproved version of NLL by including Ofas)
terwms in the matching coefficient.

Difference between NLL and NNLL is dominated by two-loop

effects of jet-veto )afh e

vaem/ M



Comparison with MC+Parton Showers

( Includes LO gg contribution assuming 1007 of thewm pass jet-veto)
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WW+0/1/2 jet matched :
L0 Madgraph¥ + Pythia6

Jet algorithwm : anti-kr, R=04
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Comparison with LHC data

Vs =TTeV
R=04 R=0.5
Pt = 25 GeV Pt =30 GeV
ATLAS 37 g+3.8%+5.0%+3.8% _
o¥eto. [pbl Y _3.8%—5.0%—3.8%
CMS _ 41 .5+3-8%+7.2%+2.3%
o¥eto, [pb) Y _3.8%—7.2%—2.3%
Theory +4.2% +2.8%
o1Eto [pb 37.675 5 39.175-%
Theory +13.5% +11.5%
a.xe_tgv - [pb] 2'1—11.4% 2'3—10.6%
Vs =8TeV
R=04 R=0.5
p{_?w = 25 GeV p"fm = 30 GeV

ATLAS 48.1+1-7%+6.2%+3.1% _
0"‘)’;%?/ [pb] —-1.7%-5.2%—2.9%
CMS _ 54 9+4.0%+6.5%+4.4%
oWy [Pb] 4 _4.0%—6.5%—4.4%
Theory +3.8% +2.5%
. 44.975 % 46.875 30
Theory +13.3% +11.5%

veto 2'6-11.7% 2'9—11.5%
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Vs =TTeV
a
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Similar Calculations

* [arXivi14074481] Transverse momentum resummation
Patrick Meade, Harikrishnan Ramani, Mao Zeng

* 3-77 reduction in discrepancy

* [arXivi4104745]1 NNLL+NNLO extrapolation from Drell-Yan

Pier Francesco Monni, Givlia Zanderighi
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Todo for experimentalists

* Jet-veto cross sections at high invariant mass Drell-Yan.

* (Cross-sections as a function of preto and R (jet radius

parav;aefer) for diboson and Drell-Yan (at high invariant
mass).



